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TECHNICAL PAPER

EFFECTS OF VARIABLES UPON PYROTECHNICALLY INDUCED SHOCK
RESPONSE SPECTRA ~ PART i

I. INTRODUCTION

Throughout the aerospace industry, large variations of 50 percent (6 dB) or more in shock
response spectra (SRS) derived from pyrotechnic separation events continue to be reported from actual
spaceflight data and from laboratory tests. Designers continue to over design to allow for these large
variations in shock level.

One failure attributable to large shock variations occurred in June 1982. Two Solid Rocket
Boosters (SRBs) were lost during the Space Transportation System Mission 4 (STS-4). The subsequent
failure investigation conducted by the National Aeronautics and Space Administration’s (NASA)
Marshall Space Flight Center (MSFC) indicated that a water impact switch, used to cut the parachutes
from the SRBs, functioned prematurely on a spurious shock signal from the SRB Frustum Separation
Assembly (FSA). As a result, the parachutes were cut before deployment. The failure investigation
prompted three full-scale ground tests of the FSA to be performed at MSFC.

During test one of the full-scale FSA ground tests, the water impact switch remained open.
During test two the switch “chattered” but remained open. However, in test three, the switch closed!
Approximately 40 channels of shock data were collected in each test. Variations of 50 percent (6 dB) or
more were observed for the same measuring location from test to test. The variations raised many ques-
tions regarding the repeatability of SRS from similar explosive sources, and the accuracy and precision of
the shock data. These three tests raised many questions, but provided few answers.

As a result of these tests and the STS-4 failure, NASA funded a research program for 1984
through 1986. The research team realized that the single largest problem in studying pyrotechnic shock
was instrumentation. Most companies were using mounting blocks with their accelerometers. These
blocks acted as mechanical filters, filtering out high frequency data and in many cases resulting in the
accelerometer measuring mounting block resonance instead of the actual shock. In addition, acceler-
ometer resonance, signal noise, lead cable failure, error from signal conditioners and amplifiers, and
even accelerometer destruction due to severe environments, can result in poor signal or loss of signal.

The purpose of the 1984-1986 project was to analyze variations in pyrotechnically induced SRS
and to determine if and to what degree manufacturing and assembly variables and tolerances, distance
from the shock source, data acquisition instrumentation, and shock energy propagation affect the SRS.
Another major goal of the project was to prove the repeatability of SRS for a given source and to show
that these repeatable shocks were higher in level and in frequency content than previously believed.



First, all accelerometers used in the project were ball-drop calibrated. Next, 28 preliminary plate
tests were performed to develop a basic understanding of the shock produced, to evaluate instrumenta-
tion, to determine the distance from the source to the accelerometer at which the accelerometers would
survive, to determine plate size, and to generally direct the flow of the primary plate test series.

The primary test series consisted of 36 plates. Variables investigated were coreload, plate thick-
ness, alloy variety, standoft, coupling, linear-shaped charge (LSC) apex angle, joint effects, mounting
block effects, triaxial effects, and combinations of variables. Ten plates were used to develop a control
case, the base reference mean SRS, and to investigate SRS repeatability.

Data from the above tests were analyzed yielding the following results: LSC variables do not
affect SRS as long as the plate is completely severed. Accelerometers mounted on mounting blocks
showed significantly lower levels above 5000 Hz. Lap joints do not affect SRS levels on free-free
boundary plates. Since the tests plates were mounted with almost free-free boundary conditions, shock as
a function of distance from the source is negligible. That is, SRS does not vary with distance from the
source. Several varieties and brands of accelerometers were utilized — all varieties with one exception
demonstrated very large variations in SRS for side-by-side measurements on the same plate and from
plate to plate. One accelerometer gave very good repeatable results throughout the program. Instrumenta-
tion is the cause of the large variations in SRS. SRS from the same source are indeed repeatable.

The results of this study were documented in NASA TP-2603, “Effects of Variables Upon Pyro-
technically Induced Shock Response Spectra,” May 1986, and Explosive Technology Final Report
0231(ONFTR, June 1986, under NASA Contract NAS8-36149.

NASA funded an additional study for 1987-1988. This study was a continuation of the previous
study reference above. This paper is a summary of the additional study. The purpose of this study was to
evaluate LSC-induced shock dissipation through various spacecraft structural joint types, to evaluate
LSC-induced shock variation for various manufacturing and assembly variables on clamped boundary test
plates, and to verify that data correction techniques are capable of accurately recovering pyroshock data
from distorted data records. This study was a direct outgrowth of previous research and can be traced
back to problems encountered early in the STS program as previously outlined.

Eleven pyrotechnic test plates were manufactured utilizing the SRB FSA. Five clamped boundary
plate tests investigated manufacturing and assembly variables and mass loading effects. Six free-free
boundary plate tests investigated shock dissipation across spacecraft joint structures.

Each free-free boundary test plate was center severed by an LSC. Two test joints were located
symmetrically between the center charge and the ends of the plate, one joint on each side. Clamped
boundary test plates were end severed, just as in the previous 1984-1986 research study. Therefore, data
from the clamped boundary tests would be directly comparable to that of the previous study.

Data from the previous study and from the eleven plate tests in this follow-on study contained
sufficient distorted raw data from side-by-side measurements for proof of principle of data correction
techniques. The data corrections study results will be published as a separate paper within the next year.

All 11 tests were successfully performed completing the test phase of the research effort. Time
histories from 4-msec windows (primary shock) and 20-msec windows (residual and total shock) were
stored on computer disc and plotted. SRS and Fourier spectra were also calculated and plotted.
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Data from all 11 plate tests and from the previous study were analyzed. Results from the joint
energy dissipation tests were analyzed to aid engineers in designing to reduce pyrotechnic shock levels.
Results from the manufacturing and assembly variables tests were used to determine variations in shock
levels for these variables for free-free and clamped boundary plates. The minimum and maximum shock
perturbation for these variables were plotted.

Distorted and non-distorted data from side-by-side measurements were utilized in the data correc-
tion techniques study. From side-by-side measurements on the same test plate, a distorted channel was
corrected and compared to a non-distorted channel yielding a measure of the accuracy of the correction
techniques.

Il. DESCRIPTION OF EQUIPMENT

Major equipment consisted of the test fixture, test plates, and signal recording and analyzing
instrumentation. Cables, connectors, switches, and other such components will not be discussed.
Recommended accelerometer support instrumentation were utilized.

For a discussion of equipment used in the previous 1984-1988 study see NASA TP-2603. The
previous study utilized elastomerically restrained end severed test plates. Instrumentation and support
hardware were basically the same as those used in this study.

A. Test Fixture

Two distinct test setups were employed, one for the joint tests and one for the rigid mounted tests.
A wood and steel work table with its central table surface portion removed served as the basic support
structure for all tests.

In the joint tests, the test plates were elastomerically restrained. The plates were mounted directly
to the table using elastomeric restraints with a stiffness of 2.8 Ib/in. (Fig. 1).

In the rigid mounted tests, the test plates were bolted to a 1/2-in. thick mild steel plate that was in
turn bolted to the test table. Ten high strength commercial fasteners were used to attach the test plate to
the fixture as illustrated in Figure 2.

B. Test Plates

The test plates used for all the tests represent flat versions of the SRB frustum separation system.
The aluminum 6061-T651 plates measured 4 ft in length by 1 ft in width by 1/4 in. in thickness. These
are the same type of plates used in the 1984-1988 study. The separation area was machined to a thickness
of 0.215 in. to simulate the actual thickness of the frustum splice ring.
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Test plate number 11 (the overload test) was severed using RL-40-J- LSC, 40 grains per foot of
RDX explosive in a lead sheath. All other plates were severed using HL-30-J LSC. 30 grains per foot of
HMX explosive in a lead sheath.

Although the same plates were utilized throughout the program, they were configured differently
depending upon the type of test.

All LSC were initiated using non-electric blasting caps and non-conductive TLX firing lines to
prevent the possibility of introducing electrical noise from the firing signal into the transducers.

The joint plates were configured to study the reduction in shock energy across typical structural
joint types and for comparison with data from the previous study. The rigid mount plates were configured
such that the effects of severe edge-dampening upon SRS could be assessed.

1. Joint Tests

Test plates 1 through 6 were configured for the joint tests. Figure 3 illustrates the configuration
for the joint tests. All joint test plates were center severed cutting the plate into two 2-ft sections. The
LSC were enclosed in a rubberized charge holder that was glued to the test plate. Aluminum angle was

¢ 48.00
36.00 - '
— 24.00 '
<— 12.00—
Y, : | j
s | =
s | |
; | |
12.0¢ |
n
' ] :
s | g
N : \ :
JOINT CUT JOINT
Lr 48.00- 3
T:l 3¢ |

.25

Figure 3. Joint test drawing.



bolted on both sides of the LSC charge to function as a blast shield for the accelerometers and cables.
This will help prevent scrapnel from damaging instrumentation (Fig. 4).

A test joint was located 1 ft from each end, two joints per test plate (Fig. 5). Tests 1 and 2 were
experimental controls — there were no joints. Tests 3 through 6 consisted of two joints per plate. Joint test
variables were as follows.

Test Number Variables

Control

Control

Simple Lap Joints: 3 in. and 6 in.

Double Lap Joints: 3 in. and 6 in.

Simple Lap Joints: 3 in. and 6 in. with a 1 in. Joint Gap
Double Lap Joints: 3 in. and 6 in. with Shims and a | in. Gap

N R W —

Figures 6 through 13 illustrate the joint test configurations. The joint tests plates were elasto-
merically restrained.

2. Rigid Mount Tests

Test plates 7 through 11 were used for the rigid mount tests. These plates were bolted to a mild
steel test fixture as previously specified. This produced a highly damped, fixed boundary system for
comparison to the free-free boundary tests conducted in the previous study. These plates were configured
just as those used in the previous 1984-1988 program. The plates were end severed and an aluminum
charge holder was utilized. This charge holder was bolted to the plate fitting over the rubber charge
holder which contains the LSC (Fig. 14). The variables utilized were as follows:

Test Number Variables

7 Control

8 Control: A steel cube weighing 133.57 Ib was mounted in
the center of the plate

9 Maximum SRS: Maximum coreload tolerance, maximum chargeholder
coupling, minimum LSC standoff

10 Minimum SRS: Minimum coreload tolerance, minimum chargeholder
coupling, maximum LSC standoff

11 Charge Overload: 40 grains per foot instead of 30 grains per foot,
an unamplified accelerometer to be discussed later

Figures 15 and 16 illustrate the test plates used in the rigid mount tests.
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Figure 4. Joint test blast shield. '

Figure 5. Joint test plate.
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Figure 6. Joint test control plate.

Figure 7. Joint test plate with joints.
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Figure 8. Joint test plate No. 3.
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Figure 10. Joint test plate No. 5.
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Figure 12. Joint test plate No. 6.
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Figure 14. Rigid test charge holder end and expanded views.
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Figure 15. Rigid test plate.

Figure 16. Rigid test plate mass loaded.
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C. Signal Recording and Analyzing Equipment

On the joint test plates, four accelerometers were mounted, two on either side of the LSC 8§ in.
from the charge, and one between each test joint and the end of the plate, 16 in. from the LSC (Fig. 17).

On the rigid mount test plates, two accelerometers were mounted, one 22 in. and one 44 in. from
the LSC. Test |1 added an extra accelerometer for the unamplified experiment, two of the accelerometers
were side-by-side. All accelerometers were mounted in the longitudinal centerline of the plate for both
joint and rigid mount test plates. Figure 18 shows accelerometer locations for the rigid tests.

Based upon knowledge and experience gained in the previous study, only Endevco 7270 high-
shock accelerometers were used in this study. Only those accelerometers with sensitivities between 1.25
and 1.50 microvolts per G were selected. This range yielded the best signal-to-noise ratio and acceler-
ometer survival rate for the shock levels of the program. The same accelerometers were used throughout
the program with only one failure early in the program.

Accelerometer signals were amplified by Endevco 2740A or 2740B amplifiers. The signals were
captured and stored by two memory systems. Zonic AE-101/102 memory systems with a sampling fre-
quency of 200,000 Hz and a window of 20 msec were utilized — the Zonic system provides usable data up
to approximately 50,000 Hz. Nicolet 2090-II1 digital oscilloscopes with a sampling frequency of
1,000,000 Hz and a window ot 4 msec provided usable data up to 200,000 Hz. For comparison purposes,
100,000 Hz SRS were calculated from both memories, even though Zonic data begins to roll-off above
50,000 Hz. All the SRS presented in this paper are from the Nicolet. In this case the SRS based upon 4
msec is the same or greater than the SRS based upon the 20 msec window at all frequencies.

In test 11 of the rigid mount test, the unamplified accelerometer was located side-by-side to an
amplified accelerometer. The unamplified accelerometer was powered by a Power Design power supply
set at | Vdc. The signal by-passed the Endevco signal conditioning equipment. Figures 19 and 20 are
illustrations of the instrumentation.

ll. EXPERIMENTAL PROCEDURES

This section describes the techniques used to obtain the shock data and the variables investigated.
Testing consisted of joint tests and rigid mount tests. In joint testing, variables were various spacecraft
joint types and an experimental control. The rigid mount variables were charge overload, maximum SRS
combination, minimum SRS combination, mass loading, unamplified accelerometer, and experimental
control. In both test series, the control case was used to derive a basic SRS for comparison purposes. The
actual test procedure was the same for both series.

A. Standard Firing Procedure

The firing procedure utilized in this program is outlined in the Explosive Technology Standard
Test Firing Panel, PN80012, Operating Procedure Manual.

18
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Figure 17. Joint test accelerometer locations.

Figure 18. Rigid test accelerometer locations.
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B. Plate Tests

Plate tests were set up as previously specified in the equipment section. Other than the differences
specified in setting up the equipment, the experiments were carried out using the exact same procedures.
The plates were severed using standard firing procedure. From two to four accelerometers were used to
capture the shock transient. The signal was recorded on computer disc and in the digital memories. Real
time Fourier analysis was accomplished. Time histories were captured using 4- and 20-msec windows.
The 4-msec window was used to derive the primary high-frequency SRS. The 20-msec window was used
to derive the residual and low-frequency SRS. Previous study had shown that windows beyond 20-msec
did not produce any variation in SRS. All SRS data were maximax with a Q of 10 or 5 percent damping.

Variables were previously defined in the equipment section. The values for variables and
tolerances in the rigid mount test are based upon NASA design specifications and quality control
standards.

IV. DATA ANALYSIS AND RESULTS

The following section summarizes the results of the 1984-1986 study, the joint tests, the rigid
mount tests, the mass loaded test, and the unamplified accelerometer test. Because of the large quantities
of data, only samples of time histories were included. The main analysis tool included in the paper is the
100,000 Hz SRS.

Both SRS and Fast Fourier Transforms (FFT) were calculated for all time histories. Initial SRS plots
were derived using a Spectral Dynamics Model SD-320A shock spectrum analyzer. The final SRS plots
were calculated using an SRS algorithm on a Hewlett-Packard 9000, Series 300 computer. These plots
are the ones included in this report. FFT plots were taken from a Spectral Dynamics Model SD-375
Dynamic Analyzer. SRS plots were calculated, from both the Zonic and Nicolet memories, up to
100,000 Hz. One should note that because the instrumentation was ranged for very high acceleration
levels (400,000 Gs), the low frequency data, below 400 to 500 Hz, were below the noise floor. FFT plots
were calculated to 100,000 Hz from the Nicolet memories and to 20,000 Hz from the Zonic memories.
As previously noted, Zonic data is not valid beyond 50,000 Hz. Time histories were plotted for each
channel. These time histories were also recorded on computer tape and diskettes. These methods and
techniques were followed both in the previous 1984-1986 study and the study reported in this paper. For
a complete set of data, the reader should refer to the following references: For the previous 1984-1986
study — Explosive Technology Test Report 0231(01)FTR, and for the present study — Explosive Tech-
nology Test Report 0837(01)TR. These references are listed as References 67 and 68 in the bibliography
of this paper.

Test levels from the previous 1984-1986 study, and from both the joint and rigid mount tests of
this study were comparable as far as overall levels were concerned.
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A. Resuits From the 1984-1986 Study

The previous study was a major research effort organized to analyze variations in pyrotechnically
induced SRS and to determine if and to what degree manufacturing and assembly tolerances, distance
from the charge, data acquisition instrumentation, and shock energy propagation affect the SRS.

The test program was divided into three areas: precision and accuracy, basic SRS, and variability.
Precision and accuracy consisted of ball drop calibration testing of the test accelerometers and test firing
of 28 preliminary plate tests. All plate tests in this study were elastomerically restrained resulting in near
free-free boundary conditions. The results of the plate tests were used to direct the flow of the remaining
test program. Data from the entire test program were used to evaluate instrumentation. The Endevco
7270 accelerometer was the only accelerometer that consistently yielded quality data. Accelerometer
error as a function of frequency was documented. The Endevco 7270 demonstrated the highest level of
survivability during the entire program.

Basic SRS consisted of ten plate tests used as an experimental control. The only variables
involved were aluminum alloy variety and plate target area thickness. Analysis indicated that alloy
variety would not affect the SRS. Analysis also indicated that target thickness would not affect the SRS
as long as the plate was completely severed. The data from the Endevco 7270 were very repeatable.
Other accelerometers were used side-by-side with the Endevco 7270’s for the purpose of evaluating
accelerometers. Most of the other accelerometers yielded baseline shifted or erratic data, or did not
survive the firing. A base reference mean SRS was derived from the ten tests. This SRS was used in
variability for a control comparison.

Variability consisted of 26 plate tests used to evaluate manufacturing and assembly variables and
supplementary variables. LSC variables consisted of coreload, standoff, coupling, apex angle, and gross
overload. These were evaluated by test individually. Data indicated that none of these variables affected
the SRS to a degree that is measurable. Combination of coreload, standoff, and coupling yielded the
same results. Two joint tests were performed (simple lap joints with a 3-in. overlap) that indicated that
the ultra-high frequency energy decreased slightly. Two accelerometer mounting tests (flat versus block
mounted) indicated a significant decrease in high frequency energy when mounting blocks are used. The
final supplementary tests indicated that the plate response to pyroshock is about the same for all axes.
The final result is that SRS do not vary with manufacturing and assembly tolerances, and instrumentation
is the one major problem associated with pyrotechnic shock measurement.

Figures 21 through 25 are the SRS from the previous study that will be used for comparison in the
present study. Included are the base reference SRS, maximum combination, minimum combination,
charge gross overload, and joint effects near the source and across the joint from the source. Figures 26,
27, and 28 illustrate the old joint test plate used in the 1984-1986 program.

Several conclusions may be drawn from the previous study. Unlike popular belief, SRS from the
same source are very repeatable when proper instrumentation is utilized. The 50 percent (6 dB) or more
variations encountered in most previous studies were probably due to instrumentation. New accelerome-
ter designs should eliminate many of the large variations. Shock levels are much higher overall than
expected, especially in the high frequency region above 10,000 Hz. These high frequency, high accelera-
tion levels are very capable of destroying electrical and electronic components, especially
accelerometers. Baseline shifts and accelerometer resonances have distorted most pyroshock data in the
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Figure 26. Old joint test plate — top view.

Figure 27. Old joint test plate — edge view.
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Figure 28. Old lap joint test configuration.

past. Only the new Endevco 7270 accelerometer yielded consistent, high-quality data throughout the
study. All other accelerometers including other Endevco models yielded distorted data or failed
altogether. One can conclude that instrumentation is just on the verge of being able to accurately measure
pyroshock.

Variations in coreload, standoff, charge holder coupling, and LSC apex angle do not affect SRS
as long as complete plate severance occurs. Manufacturing and assembly tolerances do not affect SRS.
Also, the SRS is the same for all three axes when the shock is generated by LSC’s.

Simple lap joints do not affect the SRS below 10,000 Hz. A slight decrease was noted above
10,000 Hz. Accelerometer mounting methodology is very critical. Most past studies used mounting
blocks. Mounting blocks act as mechanical filters removing high frequency energy. Therefore, the true
shock is not measured, but the mounting block response is actually measured. One can conclude from
flat-mounted accelerometer data that mounting blocks should not be used in pyrotechnic tests because
they remove high frequency energy that is capable of destroying flight hardware.

One may conclude that the 1970 NASA study [2,3] and the seven volume report associated with
that study are accurate only for low frequency data.

Data analysis indicates that shock level is not a function of distance from the source for free-free
pyrotechnic test plates. However, one should be careful to note that for this test fixture, free-free plate
conditions existed and total energy is not dissipated very rapidly as a function of distance. If the long
sides of the plate, perpendicular to the charge axis, has been clamped, the energy levels would have been
dissipated rapidly with distance.

Recommendations from the previous study were to refrain from using mounting blocks, to
investigate joint effects, and to repeat the same tests with the same variables except for using clamped or
rigid mounted test plates. The remainder of this paper covers the present study which is a direct result of
the recommendations of the previous study summarized above.
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B. Joint Tests

All joint test plates were center severed and elastomerically restrained as previously noted. Test
plates 1 and 2 were the experimental controls — these plates contained no joints. Figures 29 and 30 show
typical time histories. Figures 31 and 32 show typical Fourier transforms. Both time histories and Fourier
transforms were used in analyzing the data, but will be omitted from this paper because of the volume of
the data. Figures 33 through 36 show the SRS for the four measurements made on each control plate.
Figures 37 and 38 show all four SRS for each control plate. As in the previous study, little variation is
noted, between plates, and as a function of distance along each particular plate. Without joints,
measurements are the same all over the plate for free-free boundary conditions. Less than 2 dB difference
was noted for either of the above comparisons. Figures 39, 40, and 41 show SRS envelopes for these
tests.

A reference mean SRS was calculated for each plate and for both plates as shown in Figures 42
and 43. Even though the severance location for the previous study (end severed) was different than that
for the joint tests above (center severed), the two means are comparable as shown in Figure 44.

Figures 45 through 48 illustrate all the SRS data for test plates 3, 4, 5, and 6 — the actual joint
tests. On test plate 3, one channel was lost, probably due to a solder connection failing internal to the
accelerometer. Figures 49 and 50 illustrate SRS from the charge side or near source measurements for
tests 1 through 6 for both narrow and wide test joints. Figures 51 and 52 are envelopes of these
measurements. Charge side or near source levels for all joint tests vary only slightly and are very
comparable to the base reference means from this study and the previous study as shown in Figures 53
and 54. ‘

The shock source is very repeatable for test plates with free-free boundary conditions. In addition,
added plate mass due to test joints seems to be insignificant for charge side measurements on test plates
that have free-free boundary conditions.

Figures 55 through 62 are the SRS plots for the eight test joints on plates 3 through 6.

Test plate number three consisted of a 3-in. and a 6-in. simple lap joint as previously shown.
Figures 55 and 56 are the SRS data for plate 3. Both near source measurements were comparable to the
base reference mean. No decrease in energy levels below 1500 Hz was observed for the narrow joint.
However, a 2 to 3 dB decrease above 1500 Hz was noted. The exact same results were noted for the wide
joint. Energy levels decreased 2 to 3 dB above 1500 Hz and remained the same below 1500 Hz for meas-
urements made across the wide joint.

Figures 57 and 58 are SRS plots from plate number 4. Plate 4 consisted of a 3-in. and 6-in. double
lap joint. Near source measurements compared directly with the base reference mean. Across the joints,
once again the narrow joint showed no energy decrease below 1500 Hz, and a 2 to 3 dB decrease above
1500 Hz. The SRS across the wide joint was 3 to 4 dB lower above 1500 Hz, with no decrease below
1500 Hz. This one decibel difference between joints could be due to increased surface contact area or the
increased mass of the wide joint. However, it is more likely, the difference is due to the “Sandwich
Theory.” This theory states regardless of the mass, more energy is dissipated through a multi-layered
plate than through a solid plate of the same size. The more layers, the greater the energy decrease.
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Figure 29. Typical time history (20-ms window).
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Test plate number 5 consisted of a 3-in. and a 6-in. simple lap joint, just as in plate 3, with an
added 1-in. gap. Test 5 SRS plots are shown in Figures 59 and 60. Near source measurements were con-
sistent with the base reference mean. Across the narrow joint, energy levels were the same below 3000
Hz and 2 to 3 dB lower above 3000 Hz. Across the wide joint, energy levels were the same below 1500
Hz, and 2 to 3 dB lower above 1500 Hz.

Test plate number 6 SRS plots are shown in Figures 61 and 62. A 3-in. and a 6-in. double lap
joint were used. A 1-in. gap and shims (3-in. and 6-in.) were used. Near source levels were comparable
to the base reference mean. Across the narrow joint, a 3 to 4 dB decrease was observed above 1500 Hz,
with no decrease below 1500 Hz. Across the wide joint, energy levels dropped 3 to 5 dB above 1500 Hz,
and remained the same below 1500 Hz. The increased change across the narrow joint and wide joint as
compared to tests 3, 4, and 5 could be due to increased mass, but is more likely due to the “*Sandwich
Theory.”

Figures 63 through 70 compare the joint test SRS from the previous 1984-1986 study to the data
from tests 3 through 6 above. The old test consisted of an end-severed plate. The plate was cut in half and
the halves bolted together with a 3-in. lap. This form of lap joint is even simpler than that employed in
test 3 above. This joint was illustrated earlier in this section. Near source levels are comparable. Across
the joint very little decrease is noted in the old test data due to the joint design. It is clear the more
complex the joint the greater the energy decrease.

C. Rigid Mount Tests

The rigid mount tests utilized the end-severed plate configuration that was used in the previous
1984-1986 study. This test program repeats many of the previous plate tests with the difference being the
boundary conditions. As noted previously in the equipment section of this paper, the rigid mount plates
are bolted to the test fixture. One would expect overall levels to be lower and energy levels to decrease as
a function of distance from the source.

Tests 7 and 8 were the experimental controls, designed to provide a base reference mean for
comparison with the 1984-1986 data. A mass loading experiment was conducted on test 8. This will be
discussed later under a separate heading.

Test 9 consisted of a combination of variables designed to produce the maximum SRS for this
plate. Variables included maximum coreload, minimum LSC standoff, and maximum coupling, all
within tolerance, but at the extremes.

Test 10 included the combination of minimum coreload, maximum LSC standoff, and minimum
coupling, all at the tolerance extremes. This should produce the minimum SRS for this plate.

Test 11 used a 40 grain/foot LSC, a gross LSC overload, designed to produce an increased SRS

due to an increase in the source. An extra unamplified accelerometer was included on this test as an addi-
tional side study. This side study will be covered later under a separate heading.
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Figures 71 and 72 are the SRS for the control plates 7 and 8. Figure 73 shows the combined SRS
for both plates. Review of the data showed that mass loading does affect SRS for clamped boundary
plates. Data from test 8 was, therefore, not used to calculate a base reference mean. This resulted in test 7
data being the sole source for the reference SRS. Test 7 near source data is greater than far source data,
but only by one decibel at the most. However, a distinct, clear, difference is noted. On test 8 only a slight
difference is noted with no distinct pattern being evident. Both SRS from test 7 become the near and far
source base reference SRS for the remaining tests. Figure 74 compares the SRS levels from test 7 with
the old base reference mean from the free-free end-severed tests. The rigid mount data near source is 2 to
3 dB lower below 6000 Hz than the free-free data. It is evident that the charge source highly influences
the high frequency portion of the SRS, while the characteristics of the plate determine the low frequency
portion of the SRS. As suspected, energy levels decrease as a function of distance with energy leaving
the plate through the hard mount.

Figures 75 through 77 are the SRS for tests 9, 10, and 11. Figures 78 through 83 compare the base
reference means from the 1984-1986 study and from test 7 to the data from tests 9, 10, and 11. None of
the variables in tests 9, 10, or 11 affect the near or far source SRS. However, overall levels are 1 to 4 dB
lower than the free-free tests at all frequencies with the greatest decreases at 6000 Hz and below.

D. Mass Loaded Test

Figure 84 shows the mass loaded near source SRS, near source base reference SRS, and the old
base reference mean SRS. Figure 85 shows the mass loaded far source SRS, far source base reference
SRS, and the old base reference mean SRS. There is a 2 to 3 dB decrease in some frequency regions, due
to mass loading between, when the mass loaded plate number 8 is compared with the control plate
number 7. The energy decrease does not appear to be a clear-cut function of frequency. The mass loaded
SRS is an average of 3 dB lower than the old base reference mean SRS. It should be noted that the
decrease in SRS due to mass loading appears to be significant only very near to the mass.

E. Unamplified Accelerometer Test

Test number 11 had three accelerometers instead of the two used on the other rigid mount tests.
Two of the accelerometers were mounted side-by-side as shown in Figure 86. Figure 87 compares the
SRS from the unamplified accelerometer to the SRS from the side-by-side mounted amplified acceler-
ometer. The unamplified channel is much “cleaner” with less noise than the other channel. The
unamplified channel is equivalent to the amplified channel except that the unamplified channel contains
less noise in the low frequency region and is slightly lower in level, about 2 dB down between 15,000 Hz
and 90,000 Hz.

V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This section summarizes the research effort, lists all the conclusions that may be drawn about the
study, and interjects several recommendations 1o NASA and the scientific community in general con-

cerning pyrotechnic shock testing.

72




a
o

88aaes1

aads g desaglag

1o

LLA!JILL-":IJLIJLLLLALL&!!:L;!::;l

"fonuod [eudwiadxa ‘4 roN Jerd — 1591 pIdry (SYS ‘1L InSig

.........................................................................................................................................................

gaaat pBn1

[P0 [N N PRy — f—

T F

!

FAEENE AT ==
WO

wwwmwmmmw =
CEEEEEE R = e EE S
,,HH%“G\IH-H o

i I i
hiaas || R A

CZ2H)> ADNINOIA

Q1=0 XUHIXUW-3U0H

WMNelld3dS FASNOJdSI MIO0HS

aaal

08081

oBoRat

2880001

=

M
(n
U

S,0 d5ND

73



eaesdl

‘jonuod jeuswiadxs ‘g "oN dejd — 1531 piSry SYS ‘7L 2An3diyg

(2H)

AINZINOD e 4

801

Jool TTdel Tl ded o T e T T oo o !
1 0 Pt
E et 8 e B e 1327 it e P I o
m I 2l ol B Some¥ Duvmell Dunall By DY S P H%H.kuHHmXXM%WUHM,MHHHHH.HMMHWW R SRS RN AR S
u FlI il —t- - it g g g i) Enentmung favuny Sty N g Dot iy Smownt Semntedl Sl Senm— i g D famn Panunl Putenuing Sulunlll Summadey
B - — B0 A R Rt e e ‘K-;-l.l-ll,lll.ll.lll -|a,l|l1|.lllll!|llq
E Y O Y I A A Y B U T I R A R Y T T I
...M, I]i’-“i‘}uw!w&& == o=l == = = ez s = = —
3 - IS0l N I I R AR i
e e S e s e e e e e
1 M
E
I e e e e e et ettt B 1 Y e o ez s ===
apd E o= === ;nHH..I”I-.”ﬁLM..I”lull“l”..'un.nlu.Ill“”nﬂ

Bi=0

XUHIXUH-3UOH

WO LDAHS ZISNOJdSTI MD0HS

8e01

0Bap1

a8oeal

slelele]el ]

ORIGINAL PAGE IS
OF POOR QUALITY

S .2 3dSNOJS3EY

74



ORIGINAL PAGE I8
OF POOR QUALITY

"jonuod [pudwiadxa ‘g pue £ soN de[d — 1591 piISu (QYS "¢/ 2undi

CZHY ADNINODI A

800801 Baaai 8aal 8ot m*&m_
f 1 R RE
51 _&v_ snﬂ_ nt _ _c_:_ _cc__ _om_ c_:_ H h.\._ ! c.._. _ &n_ ! o% _c__ !

...........................................................................
[ L] . - - - - S A S R

g e e R A (R

- o ot ot ) v ) g 8 el Dol Bl B TN e g Bl il B i

e = e = R == «\mmMHN\HH EE=E =
FEE=l—== m\ N === -FI-F=====— ere1

-1 —_ — S Y S DR S A N TN N SRS SO DU
S R R = e = e =

o | N

0 9w 1 i e e e

HHHHHAH'L K‘..:.WHHHHHHH B U VRS DN DR B Hmmﬂmwm
e A o = = — = e = = S = EEE I E =SS snsean
-1 BHEEEEEEE R EEE S EEE T e,

al=0 XUHIXUH-3UOW

WMl L33AdS ZISNOdS I MID0HS

75

S, 2 dSK:



"SUBJW JDUJIDJAI ISBQ PO SNSIAA IDINOS IBJ PUB IBAU 1$9) PISIY SYS 't/ 2InSig

NV3IW 3ON3H3I43H 3SvE 30HNOS HVd =——
NV3IW 3ON3HI43H 3SVE 30HNOS HV3N
NVIWN JONIHI43Y ISVE Q1O eeeceeeee

(ZH) AONINOdeld

uBBen1 poeon1 aeel

Qw_~ ~ dc_m m. _Dfa Mum ka._Jlﬁ _Gnu- _Em_ D_..L._._ I hh_ — C% og

LA R Ry R R R R I R I e R R TR e R I T R R e e g T Elasuag et aes et aacraogtaeeetn oy

—
—y
—
—
-
(]
©
—

-
-
cC
-
et

1
Y
b
1
I
|

it
RN
I
AR
il ]
—
BN
) Lo
NS
T
[ ]|
T

NN

BN |
|
I
i

[N

MMJPI

N

Wy y |
T
NN
frerr iy 1
(RN
T
M

l
NI
el b

|

\

|

|
Wl
I

|
HE
|

l
l

|

— o081

- —_— -] -1 — —_—e— e—— — =} — e e} —d
- - —_ —{— RN U (UUIS) QUEDGHE) PRGN QNI NP S —_—

been!

e
I ‘.

T \}:Ull |

I N

1 1
|
D | ;
y i K Vot
} L4 . T '
(IR I 1o o
IIHIJ.'T% THER
TSN | 1R

1 HH-= — ..\\, N S O O O N U N O NN DN D B
ER-IbSKS — I = R S EES e B e e e B e eoges|
3 N N |

apd E ) o [ e e b e e e g oIt [ [ [ [t o [l e [ o et o e i B e pess

~ : oeesoal
ai=0 XUHIXUH-3UOW

WMl D34S ASNOJSH MO0HS

=

Ay
()
U

S,D d5NO

OE POOR QUALITY.

ORIGINAL PAGE IS

76



PAGE 18
QUALITY

ORIGINAL
OF POOX

ap

"6 "ON a1eld — 1591 P13y SYS .ﬁ. amgig

JOHNOS YV ~—— =
30HNOS UVaN

(ZH) ADNINOD3Feld

BEBABR1T Bgani geol 881 a1

- T - T aal
R R R A I N L AR T SN/ 150 L S W
Jorittaenn sen e et on e LS ol hel MM Tod T

: — — A ——

X e '.LDN\.\! ===

1 B = E = e e = = N g = e e = e =

I..u. n— = put s g P el Puusod Sl s R k”ﬂ”l"“j} [ D= o b hedt Duel Pt Somandi) Peunnsnash 0681
U ’

e A== = —] | = = — ] — | N N N S D S

i

F 0 et HH!UWN 11 o

I AR == R = = = e PR EEE = s
; - \...rbﬂ R .

E e . ot e e

- O Y St o S < ¥ ol B et e ) D ORI D D R D DS VR el A

3 Dt Jun gun ol S = 08 Ik o gyt el Bl Rstunestl Dl Bstnagl Pl gt Ry Dol Domag by iy bonny el et Douiel e

.m B fu) g Sy %.nht””“l’ﬁ“l":. ps{ [Pt bunat o it Boavpumnt) fomeud} o wbvusig U Sukt ot fhu Kot S fommnted = BpeRA!L
31 M _ -l — —_ e | [ e ]

.m H- i s o =l == -2t s = e = Z ”.ull..““.l.”hll’..n“““ﬂ’.‘lfl“'fl 288808 |

B1=0D XHHIXUH-300W

KN LD3AdS ASNOJSIR MD0HS

717

S,9 dASNOSSEY




- T T R R R R R RO T R RO R T

‘01 "ON awjd — 159) piS1y :SYS "9, anTig

JOHNOS HYH — —

30HNTS HY3IN (ZH) ADNINODeld

BBBBRA1T : BReal aeo1

Trr1mi i 1 :‘__m._ I .nw
B6 [$18] P [%]

................................................................................................................ S IR, | e meeeetsegrraarsee
] - I 1 O T N N N IO O ™ ol RN . _
: T === g e el et 1 8 B " i e 0 el el et
e = === = = === R == A2EEEEEIEE gon
r...if \
E / e
1=t ~=l—|—]—|— || —|— =t i
-l =~ — |—}— —|~]—|—|— A== — == —=]— (n
1 e ) Pl oo el ot b 2 B B8 e e Dt el Y P U
I I DURE B N R R S0 B P O R o O
e e e unH% P et I 8 1 e Y Szl = == e Z
0N
IR . ERA N~ N e N m
O O I g 0% - N NN I N I O D D Y I B N O O O I )
I o Dt NP =l g i e 1 I ,
e e e o e e e e el e A o e e e et “
Uul|hﬂﬁ' Y Bl Pull ey vl Sovant Sunanand St fonsteunl Jug ng Dowed el Rbewnint et Nl o-velutnd S S0n fumel peeng) Sunemant - &OQO&—
oA T e
ap cmimisli=l—=—= =izl == = == = = = = = == e e e e = = =

b 86808041
B1=0 XUHIXUH-~300H

WMelLOFdS ASNOdSHel MID0HS

78



ORIGINAL PAGE IS
OF POOR QUALITY

(2) 304NOS "v4

ooooooooo

(1) 30HNOS HVH ~— ~—

30HNOS HVY3IN

288881

‘11 "ON deld — 153y piSry 1SYS £, Sy

79

(ZHY ADNINOD3IY

ae1 Bl

- 212)]
Dw_u_ _ _m—_ _ _ m_uma &Mu__c,_—-— ~CC. _C% —§_§~ ! w]~5~~ 4
........ “.hl.l..l..l.i.“.“:..l.n“.[ .....I..”I..“...'.I...“.........l......... .........l..w...“n.l..l......v-..l......... |...Hv..-|..l...,.....|.|.l..|.).|..|....-.l.|...\.l..l“.¢
= 1= P, 0 e
=== — i bl AT L = =
e e e e e et 1 1 P Z= == R EE =R s
. 2
B I o e e B B e 1 I O —|—l=— ~ ===l rn
A= [ [ — ~|—{— SN N, D A | | — (N
I B e B B I [ g b o o e o St et U
[ IO D ol SR S I RN R . RN _ A U R I B O
e e el ot R 1 Y Y 0 P == LR = soen Z
K ? 0
--uil:lhuilg- ,N. SN N Y U Y O O 8 IO O M
QR |
I 1 1 e A
180 ) ) 4 T o ) 1 ) v B ottt e . |
B 1 e s ol e TR =E= == AR EEE =N R == e 7 |
T:l“!l!l‘%l!ulhnuhu.”””””“ Py Pt Jomtl Sowe} Sisnndl Susmanentt Stved Barwntsd jruf bl ey el Gumaend —— &DG@G—
R
= = = R R e = s = = == = = R e = s =

gooeaoal
Bi=0 XUHIXUH-300W

WNLDZAdS ASNOJdS T MO0HS

|
E’ :




SUBIW 30UIdJM
3SBQ P[O PUB 3DINOS JBAU SNSIdA 22INOS Iedu ‘G "ON Aejd — 159) p13ry :§YS g, 2in31

_ 30HNOS YV3IN
NYIW FONIHISTH ISVE IOHNOS HYIN eeeeereenee
Nv3IW 3ON3IY3I43Y 3SVE 10 — —

(ZH) ADNINOHelA

gepes! Baa01 8e0l 8a1 81

3 T . . eel

ool usi Tort ber ol NI T Vol T T T AT T T

1 = B i I.-i.I!N\;ici.l‘ -

1 U= = = e = = = e =3 A = s =

Y HHEEEE = E = R == = e e = ] bl et

l“ pu—— jout D el ey fumeedl by S wu%l.”.ﬂN“ll"” PR o st ol S St hlusmeinng fvele) bt 8ea1

E X I A T I O T I }IL&|!|A“ -

E 3 s — B O R i

X B HHHHW\ 081 1l et g

p e I U N Y o I e ]

. -] - —_— PR - h. ry 8 i - - P ——

p Jo Py Dl RN TR B - N yIL.L\l. ~fo ) DR Y DS VRS SR Sl

] Y b foag fmin) iommannf Semsmuniel S e i St Sl Bl g “.Mh“,w.ulﬂhiﬁ.”ll!”!l’l I ot Doy Bl S fufmunn) Pt faslunlll Pusnmem—"n 08Dt

1 M == 7 e 1 e et 1 B B S By

L O Bt .u,!uHﬁMWuHH Bt 1 8 el I

. - ) D DY M Do ._H'n.M Yy | T T i DU B Dt Dunu e N DR SO S SO

.m gl ol L e - % P Dl St o) fouy pusand s inmmsdl St s il =l =l = = il fing st fovang Ssmeel S D&&Gam
.’ .'CO.C‘ L2 )

3 171 \_ v.l\ RN _ _ S U ! Y DU O SO R R N

E o il ! -1 N B e

1 B Jy Dt S D A e S B gt lnu Do S Muny etwaming A0 P Ry ISt By D U O D O e S i el S Sy

m g et Samasl poosmimynved S fomnntunt 8 fuf D Song benell bumng Susenl Innd fumng Rusm—— hh““”““““!’l\. PR iy Dt Ghonf et Sy el SuEAng Sesma—

slclelclolc
Pi=0 XUHIXUM-300W

WM LO3AdS ZISNOJSI MD0HS

S, D 3J5NOZ53Y

80



ORIGINAL PAGE IS
OFE POOR QUALITY

"SUBIW ADUIIJAI
3%8q PO pu® 30INOS IBJ SNSIIA 2IN0S 1v) ‘g "ON Aed — 159) pISry :SYUS "6, nSig

81

30HNOS HYA
NVIW JONIHISTH 3ISVE JOHNOS HYH <weverree
NV 3ON3YI43Y 3SvE 410 ~— —

(ZH) AONINOHel

aeees! pa8nal ae01 pB1 a1

.u - 2al
nmm_~_ac_m__1_cv_— Wmﬁ_ 8%“—_0_——_ _Enu- —Dm~ C~C_-__uh_ —C% —Gn_ o&mﬂq]&m_ _OM _C—_ 1
L1 PPV BEI BRI OIF el oe  ou @ LI oy GE 02 6 ..

.m - e e e e e e ) P et e — e ——

N e et et B it i =l i et 8 B 5 == B

1% AR O N O DG U (VRN D M NG DU DU DRV DS A RURY 1 I - X ol St I 8 g O - cong S it Tl iy

m - HHHHIII’MI MWMMOHHH 18 I Iy 0 oy it -IH;IIH..KIl...H.WHMHIIMMWHI:“J

- - Juny pout o foutuny punnell Pty Sumat puivonmiul IS (.5 jun ol Ruivohag fensnmning Guatudl Punmmuniy S P Jud Dut s Py D plvnsind) Sni feleIch]

r ~ e
O e 1 o 1 i 2 el e o o ot B A [
1 HHH- — = Az — = — 1 - - — - — (N
N e o g I 1 e 1 e g ey o= =] U
E Bt il Gl el bl e o R A A R 4 B % S sl Pl et ©
1 HEEEE = = S 1 P B e e e e e e I EHEE SR e : Z
p > —— 0008 N
3 m
1 1 — -(M.\llinl o e e e et 8 et e e By

3 [T ] - B B e o e A o o o - )
N e )t uin-iHI, ) o g \
R o e e e FESE === e == = = == === v
e T..ad i put el Dot Joutun bl st S fusamund pag (ping huant vy il Sy Snanly D wbuutnd S Jull Juuk sl et Govuntf B = eB6Ro1

1 PP RN . 808

— .\ ’ o

E T Y O USRI O O N D B R G ) U R N S
mulu o o o e g e} b ety Sttt B o oo g ol funed Sl Snpmesd Pusad Snsvsendf ) DY Bt ot Neind bt vusind Pulmmdumst huvod) Dssmumnd B o onf Just ush iy fomtuneg Suiemmnd imuesd aoeaoe!l

Bi=0 XUHIXUH-3UOW

WMl 1LO3AdS ZSNOdS e MI00HS




"SUBaW 20U
35RQ PJO PUB 22INOS IBAU SNSIIA 3INOS JEU “O] "ON aed — 1$9) pi3ry SYS 08 An3ig

30UNOS HY3N
NVIW IONIHIS3IH ISvE IOHNOS HVN eeooeceees
NV3IW 3ON3”343Y 3sva 410 —— ——

( ZiH) ADNINODZd

pBBoal 8080801 aenl Bel B

i R eal

Joll ol Tart Ll ol Vadi el 1102 o2 bel Tol il

'Lu R o I.l'll..l. - - - L 1 II"‘. -

L.. PR - _— J SN JUN PSS A4 ] —————}—

1 tl-lel——]— —_— =] == I% [N PR DY SUSNN EEN S

] bl e — | —— =1 23 S S 4-3- \‘“ ——— PO

b T 8 B S B et et R —_— e b | — | — B ot B ) il —_

3 o o o et S il P D) It g ony fusnel v p— a0 [ ) ) et} R o

I..... - == o= === - IR 553 G fond) Semedl funoundl Sompuind) gl it 0081

E -

.m gk fud g Do) Sl Sttt Rl puoN - —\ = Hu‘ = ol e Sl Gl houind) bt fnbunil femanm 080t

I.m 117171 - bl el S Juweat -9 T -t— {11 b Bt st inmnd Samasmast bumandl e
A e e e A= — —

U llllllll e § e § e -\l Nll“]l e e | r—— | — —— —}— | ——_—— ——— | ——

.m llllll — —_— AN —f - | — | —— e —_—— ] — | —— - f——

B o g )t g SU® Dot Z HJFNH.HHW”H”HHH ol B I ) S g g D gl ISR R S,

3 p— ] | — — ol Bl ol Sl fmielf foousustiy Pl puniwinuit Sl == == Tzl e T ==

1§z Z == == === === T aeaeal
I\v-\ K /

3 | 4 L R A ——

@ e ) ) DU R NN N P At e =) e | —

1 R EE = = e = s = e s = e = e =E =

- ©0800a1
gi=0 XU I XUW-3U0H :

WNYLDAIAS IASNOdS3 Y30HS

IS

F PAOR QUALITY

-

M
(N
U
&

s, 4SN

ORIGINAL PAGE

¢)

82



ORIGINAL PAGE IS
DE POOR QUALITY

"SUBIU 2OUAIIJII
9SEQ PIO PUB 22In0S Jj SNSIOA 20In0s tey 0] "oN aejd — 1831 p1dry :SUS 18 a3y

324NOS "v4d
NVIW JONIHI43H 3SVE 3OHNOS YV ----eeneee
NVIW IONIH343H 3ISvE 410 —~——

CZ2HY ADNINODIH A

poaeal 8aaai aen! 28] m_mm~
&mﬁ.._ ﬁ.m.m.m ..~ n.u.u_ .:q_wm.,._ st ! _c«_ __ _cc__ _am_ c_:_ ' n_ _ cm, _anl_ \.C.V.\LN_ cw _c_._ J

e e e i s
=== e e R mﬂwpw.l; 4 e e iy s
= = e — = — “Izl= = == =1 1 {-]- mmmmw‘“@mdﬂmm.MWWm
f— Jiu Sy bl Pnd bl Smwiennd (hassng Susstnming S S b ||| U bog fu pouil el fumndl (st Sasnnil bunsnnmed D&&—
Mi\ I
o e e MMM&! WfWWHH.Jh”HHH
R IO IO R i SRR R I T D .‘o.... T L“ . MR DD A IO DO DR R DN B
- b S Py (st St} Gt Bantnsll Ssntpng . “““W”&D.lhlﬂ“h“““hﬂ Y fit St St Junil Sl Seamunsming Sty Ao ODED—
il .Jv..m..l._.“"; |,mtl'.,u..ll.ll.|lrlll I o
1t e et 1 5 i 1 o e
B e = e e e e e e et L e e e
I‘W.Ii HQ. jund Ganl} feif fnend ummend] punmnsnell Sl Sessntmel pony (ot St Peuanll et Bovoummusl ol (e witwuend) 56 fulf () (s} Sy Sy ey - &m&&&—
LEIA X
NIt /K e e
ap o (o o e} Sl Sy fomasnd Sty el Sunemn W“”H“ﬂ“”’ Pt g vt ey ebauniond Sununl Bus—, B g B sl Sl gl st hnwupl Iusmes G&@UO&—

A1=0 XUHIXUH-3UOH

WMl 1LO3dS ASNOdSEe MID0HS

83

S, d5SNOd4



"SUBSW 9DUIIJ
35EQ P[0 PUR 9INOS JEAU SNSIIA IINOS 18U “| | "ON aield — 1591 p13ry :SYS "TY N3]

NVIW IONIHI4IH 3SVE JOHNOS HVIN «eeceveceee:
Nv3W 3ON3H343Y 3Svg g0 —= ——

30HNOS HV3N
(ZH) AONZDNOHdel A

goees| 15151715 D] aeat Bal el oal
3 L:c_m_~ _c.,__ J_em—_ &m_ ! _cq:_ _cc__ qum_ c_:_ _I_wmr\._ ! cw _Cn_ .LWV\ME_I_ u% _r:_ _

ln.. M v v e st g es s et e e, e e s gt s e e gt s e g oo ey gereetrespgeraaracoimerrnghhery gffieeiiiytieris i mertsaitiogerioaiae g
] U ) SO P MR P R T P Tty SRR
E SA-l=t=t === e = = Lt |
m 1 S ) S S el St} Somnsng S R IR D Sl A et SO g Sl iaste A SN SNSRI
cm p— it Doy (mul St Pmnandl) ot ) oot et} Mhnmasigl SERASY PiSTS mm&—

|

|
|
{
T
AN

TN
L
HIAEN
|
|
AR

'
I

8eoa1

| :ll
<IN L1aR
TN T

4 b = === === eoaeal
1 /
- - - O N OO U R A O O A O NS O

m:.u.m = — — A-lluﬁull||l.llll|bl.ui-|“l!l’ll||| e e e e 860BAav 1

Bi=0 XUHIXUH~3UOW

WMl LO3Ad5 2SNOdSHe]l MO0HS

ORIGINAL PAGE IS
OF POOR QUALITY

s

S.,D 3ISNO

84



ORIGINAL PAGE I
OF POOR GU \LITY]

"SUBSUW JDUAIRJA
asEqQ P[0 PUR 2INOS 1) SNSIOA d01N0s 1ef “ || "ON 2r[d — 1591 P13y :SYS €8 N1

(2) A0HNOS YV == == —

NV3W JONIHIIIH ISVE JOHNOS LY weeveeeens
NVIW ION3H3434 3ISvE Q10 = ——

(1) 30HNOS Hv4
(Z£H) AJNINODHeiA

8880881 8a8ea1 8e01 881 Bl
~_4 UL T 1 DM—__ T 11 -1 ffﬂAJWUIIﬁ)M _u.~.% FITT km_ [ G_ o ]

|
B9 art ool Q6 ou
L .

................................................................................................... LS AN BB

= e T e T TR e e

- —_ e — -;llk_-.VhFlil--‘llllillll

1 HEEE=E == = iy e I = i S o r...LVMT..lJl;

EEEEEE e e R e =
=== === 1= A== == 11— 11— {—— aeai

- ARIIRRdiP i
p

= —_ = A =l —— e e | —

e e B 1 et ot B B i e o e S == =
1 = o g T~ O o e O e e e e e e
- [ p— b Doty ot et Bt vty vty P Shtmaling WY Dt A oot Y} Pl Prsbtuses fonsand imniond 98 WA Joh o ol g Db Ssmamtl it B 0B8o61

N AT /
k@A A A
| MRS A e e —

—_—f e & e} ——_— e ——] | - —_—f e — ] —_— —_——_ e —
e e e o e e e e et e e ey
Y e AR A== == R = = = = R R === vsoean
e NS

ap 7-|HH|||’|||HIII...4-|HH”“HHnlfllllnu..uH.nH““HMH.”HHH”.MHWI 0080081

g1=0 XHHIXUH-300W

WM 13345 ZISNOJSE MD0HS

85

=

JSNO

S.2



T ————————— R — L A S e JaRmedman

1591 papro| SSEIN (SYS H§ 2undlg

NV3IW 3ON3H3I43H 3Svd 30HNOS HV3N
NVIW 3ON3IHI43H ISV 010 = === =
JOHNOS HYIN = ——

(ZH) ADNINO4del A

geeaal Boea1 8e01 601 a1

v s 1 eal
RO A N A S 2 4 T

L= _ O 7 I
0 = i
Az = = s e e e = e s = ‘;JWAI\\H e e e e
e = s e e e L e e T R EE =
= FFEIE= = = N 2 £ e e A
- o A)
I O 1.7\HY¢HHH N n
O I R D B ..,ww..H.ll‘.H/|\ fu\,.N} U O O Y (D DR N B U
A-b —_— N I B . o [ U R O O
B % DN 23 s i b Do D St S I s 4 .. RS - [ R PR A Dub -
j“““llll’l.lll“lll IM.HU“ I“\h..l ) ey Py phsmnl Pusssvmidy fammasy Suisinnui e iy ey Sty polmingg Aeimumin® Snimndy et 0Boa 1t %
\
L= —Fme = A — ] HHA A~ = — = — m
‘1 — — L e = — = A A = )
S e ey e e e e \
S e e R e el e e N e e e e A e e e Y
= = = = R B e e e e e e A e e eBeed|
” 4/LT\+
: & e 1 O I
L3 HEEEEE == E e e = e e = = e e = e =S

: poaanal
Bi=0 XUHIXUH-3UOHW

WMell23dS ASNOdS Tl MD0HS

86



ORIGINAL PAGE IS
OF POOR QUALITY

‘1531 papro| SSBIN 1SS 68 P.:wi

NVIW JONIHIITYH ISVE FOUNOS HYH = e
NV3W 3ON3IHI43H 3SVE 010« = = = ==

20HNOS Hv4
(Z2H)Y ADONINOIelA

BREEHR1 pendt ae01

- NS -y- 281
Joal Job! Toh Lol ol T T T T L M T T T T
E I O ) DOl AR o = o« NN NN O R OO e i
h ==} — ] — ——— ) — —— - — = —— —— — - —— e B -—— -— - — —— -1 - llh —— - —— |l.‘ .~. H m————
L e =R R E =R = A = = e =
= = thH””lIIHHHX“EIHH““‘HuT Jzl=i= = = oso;
p C, \-\ a
I -~
I o e s e B B B o B S R R R e e == i
3 HHA === =~ = —(— A== = - -~ — = — ()
E 0t et B ot 1 1 = o 5 [ Bt ol N oy U
4
I I o e e e e L N A mmnﬁ e B T O U 1 e g e £
3 = IRV AR B e B B B B A= GLEEY A
- .\f\r \ » M
T — Zwmwﬁ\»tr,ln O o o
1 7 o, it e e 0
4 [OZiZiIC— —_ ;u..mww‘.l!L.n..llala.llt.HH 5 A R e o ) g ! D I Dl >
1 Ezisl= RS = o el o Bl ) el oot o g ot o) e el st %)
- NI g o g D b bund Bl pust St Semoved) Insosummngl Svova fanmsmaned gt e et ivussinl Gl Sogmndy S miouen) B Solf Sk fineh funeny Sy St 208801
T
IM. mm I/nl\
8 B Lot o -~ _ 150 SO0 It I s

: 86843081
B1=0 XUHIXUH-3U0H

WNLDZdS ASNOdS T MID0HS

LE’

87



88

ORICINAL PAGE IS
OF POOR QUALITY

Figure 86. Side-by-side accelerometers.
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A. Summary

This study evaluated LSC induced shock dissipation through various spacecraft structural joint
types and LSC induced shock variation for various manufacturing and assembly variables on clamped
boundary test plates. Data was also collected for the next phase of the study: To verify that data correc-
tion techniques are capable of accurately recovering pyrotechnic shock data from distorted data records.
This study was a direct outgrowth of a previous research and can be traced back to problems encountered
early in the STS program.

Eleven pyrotechnic test plates were manufactured utilizing the SRB FSA. Five clamped boundary
test plates were designed to investigate manufacturing and assembly variables and mass loading effects.
Six free-free boundary test plates were designed to investigate shock energy dissipation across various
spacecraft joints.

Each free-free boundary test plate was center severed by an LSC. Two test joints were located
symmetrically between the center charge and the ends of the plate. One joint was located on each half of
the plate. Clamped boundary test plates were end severed, just as in the original research program alluded
to above. Data from the clamped boundary tests should be directly comparable to data from the first
research effort.

All eleven tests were successfully performed completing the test portion of the research effort.
Time histories were captured and stored on disc. Fourier transforms and SRS were calculated and plotted
for each time history.

Data from all eleven tests and from the previous study were analyzed. Results from the joint
energy dissipation test will be used to reformulate tables for energy dissipation across joints. Results
from the manufacturing and assembly variables tests were used to determine variations in shock levels for
both free-free and clamped boundary plates. The minimum and maximum shock perturbation for these
variables were investigated.

B. Conclusions

Several conclusions may be drawn from the study. For both free-free and clamped boundary test
plates, the shock source is very repeatable — even when the coreload is varied. Shock levels are
unaffected by distance on free-free test plates; shock levels decrease with distance on clamped boundary
test plates.

Added plate mass due to joint weight does not affect shock levels on free-free test plates. Shock
decreases across all 3-in. and 6-in. joints is the same except for the joints with the shims. This could be
mass related, but more likely is due to the “Sandwich Theory.” Levels from the joint test in the previous
shock study are comparable even though the previous study used end-severed plates. Joints do act as
mechanical filters filtering out high frequency energy.

SRS from the rigid tests are significantly lower than the free-free SRS from the previous study
using the same variables. Near source, the high frequency appears to depend upon the source, with the
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low frequency more a function of the plate characteristics. Mass loading of rigid mount plates does sig-
nificantly lower shock levels but only near the mass loaded area on the plate. None of the manufacturing
and assembly variables affect the shock levels.

Unamplified accelerometers may be used to obtain data. The unamplified channel contained less
noise and was slightly lower in the high frequency region.

C. Recommendations

The author recommends that the data correction techniques study, that is in progress, be con-
tinued by NASA. Two sets of distinct findings have developed in the 1984-1986 study and the 1987-
1988 study. Characteristics of the free-free tests are in many cases exact opposites of the characteristics
of clamped boundary plates. The problem at hand is that “real-world” hardware are somewhere in
between. At this time we have no choice but to use the most severe case: the free-free plate tests.

Further study is warranted utilizing actual flight hardware or prototypes. Significant energy exists
above 20,000 Hz. The author feels that SRS plots should be extended up to 100,000 Hz. These energy
levels become critical when electronics, instrumentation, etc., are involved. Extending SRS to 100,000
Hz might prevent some future aerospace failure.
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